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MEMS, Ka-Band Single-Pole Double-Throw 
(SPDT) Switch for Switched Line Phase Shifters 

 

Abstract:  Ka-band MEMS doubly anchored cantilever beam capacitive 
shunt devices are used to demonstrate a MEMS SPDT switch fabricated on 
high resistivity silicon (HRS) utilizing finite ground coplanar waveguide 
(FGC) transmission lines. The SPDT switch has an insertion loss (IL), 
return loss (RL), and isolation of 0.3 dB, 40 dB, and 30 dB, respectively at 
Ka-band.  
 

I. Introduction 
 
Traditionally, solid-state electronic devices such as GaAs MESFETs and 
PIN diodes have been used to implement SPDT switching networks that are 
required for switched line phase shifters in phased array antennas. While 
these devices have performed well and enabled great leaps in radar and 
communication technologies, they have several problems. They rely on 
control of current through a semiconductor junction or a 
metal/semiconductor junction, and there is a resistive loss associated with 
charge flow that consumes substantial DC and RF power. This consumed 
power generates heat that must be dissipated, which adds to the system size 
and complexity. Lastly, linearity is required for modern, wide band 
communication systems that must process signals with a wide dynamic 
range, but transistors and diodes are nonlinear devices. 
 
RF/microwave MicroElectroMechanical Systems (MEMS) based devices 
were first demonstrated by Larson in 1991 [1] as an alternative to solid-state 
devices for SPDT switches. Since that first paper, several variations of RF 
MEMS devices have been demonstrated including rotary switches [1], 
single supported cantilever metal-to-metal contact SPST switches [2], 
double supported cantilever capacitive SPST switches [3,4], and SPDT 
switches [5]. All of these MEMS structures have demonstrated substantially 
improved RF characteristics such as linearity, negligible power 
consumption, decreased insertion loss and improved isolation.  
 
The SPDT switch described in this paper utilizes MEMS LC devices and 
λg/4 transmission line sections to achieve the desired resonance and 
response at the design frequency of 26.5 GHz. The SPDT switch utilizing 
MEMS LC devices described in this paper exhibits greatly improved 
RF/microwave characteristics, which can make it a desired alternative to 
conventional GaAs MESFETs and PIN diodes SPDT switching networks.  
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II. MEMS LC Shunt Device  
 
The MEMS devices utilized in the SPDT switch described in this paper are 
doubly anchored cantilever beams with three capacitive sections separated 
by two high inductive segments as seen in Figure 1. MEMS devices 
incorporating capacitive\inductive sections have been demonstrated [6,7]. 
This type of MEMS structure allows the switch to be designed for minimum 
IL and maximum isolation over a wide frequency range. Finite ground 
coplanar waveguide is used as the transmission line because the narrow 
width of the FGC transmission lines enable the MEMS cantilever to extend 
over the entire transmission line with no physical contact between the 
cantilever and the FGC. This enables the MEMS bias to be applied to the 
cantilever itself while the FGC line is held at ground or a small potential 
required to bias other electronic components 
 

 
 

Figure1. MEMS LC shunt device implemented on FGC. 
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Figure 2: Measured characteristics of MEMS LC device. 

The dielectric used to prevent the cantilever from making direct contact with 
the FGC line is silicon nitride (Si3N4), which has a dielectric constant of 8.5 

2NASA/TM—2002-211510



and thickness of 1000Å. The doubly anchored bridge and the FGC lines are 
fabricated with standard IC processing procedures. The switch is formed by 
gold plating; the thickness of the gold plated bridge is approximately 1.7µm. 
The MEMS LC devices as well as the SPDT switch were characterized with 
the HP 8510C Vector Network Analyzer (VNA) and Multical calibration 
software developed by the National Institute of Standards and Technology 
(NIST). The MEMS device requires a 30-volt peak-to-peak 1000Hz AC 
square wave signal to achieve actuation. The measured characteristics of the 
MEMS LC device are shown in Figure 2, where it is seen that the IL, RL, 
and Isolation are 0.11 dB, 23 dB, and 45 dB, at 26.5 GHz, respectively.           

 
III. MEMS Ka-Band Single-Pole Double-Throw (SPDT) switch 

 

 
 

Figure 3. Microphotograph of the SPDT switch. 
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Figure 4: Measured characteristics of MEMS SPDT switch. 
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The SPDT switch designed in this paper is illustrated in Figure 3. The SPDT 
switch is a 3-port device with two LC MEMS structures placed a quarter-
wavelength from the center of the T-junction as seen in the figure. 
Distancing the MEMS LC devices a quarter wavelength from the center of 
the T-junction enables the virtual short realized from MEMS actuation to be 
transformed to an open at the T-junction thus blocking nearly all the signal 
from passing to that port. The measured results for the SPDT switch can be 
seen in Figure 4. The SPDT has a minimum IL, maximum RL, and 
maximum Isolation of 0.3 dB, 40 dB, and 30 dB, respectively. The MEMS 
LC devices and the SPDT switch were designed to operate at 26.5 GHz, but 
due to the Si3N4 layer being deposited slightly thicker than designed the 
isolation is actually greatest at 30 GHz, as seen in Figure 4. 
 

V. Conclusion 
 
A SPDT switch incorporating MEMS LC structures has been reported. The 
performance of the SPDT switch is excellent and illustrates enhanced 
RF/microwave characteristic and performance, which makes it a desired 
alternative to conventional GaAs MESFETs and PIN diodes SPDT 
switching networks employed in switched line phase shifters for phased 
array antennas. 
 

References 
 
[1] L. E. Larson, R. H. Hackett, M. A. Melendes, R. F. Lohr, “Micromachined 
microwave actuator (MIMAC) technology- a new tuning approach for microwave 
integrated circuits,” IEEE 1991 Microwave and Millimeter-Wave Monolithic 
Circuits Symposium Digest, Boston, MA, June 10-11, 1991, pp. 27-30. 
[2] D. Hyman, A. Schmitz, B. Warneke, T. Y. Hsu, J. Lam, J. Brown, J. Schaffner, 
A. Walston, R. Y. Loo, G. L. Tangonan, M. Mehregany, and J. Lee, “GaAs-
compatible surface-micromachined RF MEMS switches,” Electronics Letters, Vol. 
35, No. 3, pp. 224-225, Feb. 4, 1999. 
[3] S. P. Pacheco and L. P. B. Katehi, “Microelectromechanical K-Band switching 
circuits,” 29th European Microwave Conference Digest, Munich, Germany, 
October 5-7, 1999, pp. 45-48. 
[4] G. E. Ponchak, R. N. Simons, M. Scardelletti, and N. C. Varaljay, “Finite 
ground coplanar waveguide shunt MEMS switches for switched line phase 
shifters,” 30th European Microwave Conference Dig., Vol. 1, Paris, France, Oct. 2-
6, 2000, pp. 252-255. 
[5] Sergio P. Pacheco, Dimitrios Peroulis and Linda P. B. Katehi, “MEMS Single-
Pole Double-Throw (SPDT) X and K-Band Switching Circuits.” IEEE MTT-S 
International Microwave Symposium Digest, 2001. 
[6] D. Peroulis, S. Pacheco, K. Sarabandi, and L. P. B. Katehi, “Mems Devices for 
High Isolation and Tunable Filtering.” IEEE MTT-S International Microwave 
Symposium Digest, 2000, page(s): 1217-1220. 
[7] Jae Y. Park, Geun H. Kim, Ki W. Chung, and Jong U. Bu, “Monolithically 
Integrated Micromachined RF MEMS Capacitive Switches.” Sensors and 
Actuators, 2001, page(s): 88-94. 

4NASA/TM—2002-211510



This publication is available from the NASA Center for AeroSpace Information, 301–621–0390.

REPORT DOCUMENTATION PAGE

2. REPORT DATE

19. SECURITY CLASSIFICATION
 OF ABSTRACT

18. SECURITY CLASSIFICATION
 OF THIS PAGE

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA  22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC  20503.

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. Z39-18
298-102

Form Approved

OMB No. 0704-0188

12b. DISTRIBUTION CODE

8. PERFORMING ORGANIZATION
 REPORT NUMBER

5. FUNDING NUMBERS

3. REPORT TYPE AND DATES COVERED

4. TITLE AND SUBTITLE

6. AUTHOR(S)

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT

13. ABSTRACT (Maximum 200 words)

14. SUBJECT TERMS

17. SECURITY CLASSIFICATION
 OF REPORT

16. PRICE CODE

15. NUMBER OF PAGES

20. LIMITATION OF ABSTRACT

Unclassified Unclassified

Technical Memorandum

Unclassified

National Aeronautics and Space Administration
John H. Glenn Research Center at Lewis Field
Cleveland, Ohio  44135–3191

1. AGENCY USE ONLY (Leave blank)

10. SPONSORING/MONITORING
 AGENCY REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

National Aeronautics and Space Administration
Washington, DC  20546–0001

Available electronically at http://gltrs.grc.nasa.gov/GLTRS

May 2002

NASA TM—2002-211510

E–13288

WU–755–08–0B–00

10

MEMS, Ka-Band Single-Pole Double-Throw (SPDT) Switch for Switched Line
Phase Shifters

Maximilian C. Scardelletti, George E. Ponchak, and Nicholas C. Varaljay

MEMS; Single-pole double-throw switch; CPW

Unclassified -Unlimited
Subject Category: 33 Distribution:   Nonstandard

Prepared for the 2002 Antennas and Propagation Society International Symposium and URSI National Radio Science
Meeting sponsored by the Institute of Electrical and Electronics Engineers, San Antonio, Texas, June 16–21, 2002.
Responsible person, Maximilian C. Scardelletti, organization code 5620, 216–433–9704.

Ka-band MEMS doubly anchored cantilever beam capacitive shunt devices are used to demonstrate a MEMS SPDT
switch fabricated on high resistivity silicon (HRS) utilizing finite ground coplanar waveguide (FGC) transmission lines.
The SPDT switch has an insertion loss (IL), return loss (RL), and isolation of 0.3, 40, and 30 dB, respectively at
Ka-band.

http://gltrs.grc.nasa.gov/GLTRS

